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F&EFACE

This rport is submitted in fulfillment of items 2 and 3 of Contract
A-19(502.-6085 monitored for AV= by Frank Marcos. It presents v set of
tables consisting of an extensiou of the U.S. Standard Atmosphere in the
altitude region of 90 to 120 km for which region tables had originally been
published only as a function of integral multiples of one geometric kilometer.
The tables in this report are presented as a function of integral multiples
of one standard geopotential kilometer and includes a discussion of the various
equati-m. and constants involved.

this report also includes the development of a simplified function for
accurately relating geopotential and geometric altitude.
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ABSTRACT

The "United States Standard Atmosphere, 1962", was published with two kinds
of metric-unit tables for the altitude interval from -50C0 to 90,000 meters. One
kind of table presented the atmospheric properties as a function of integral
multiples of particular numbers of geopotential meters while the second presented
the atmospheric properties as a function of integral multiples of similar ntmbers
of geometric meters. For the region above 90,000 meters, altitude only one type
of metric table was published. This type rresented atmospheric properties in
integral mul:iples of particular numbers of geometric meters. A similar situa-
tion prevailed for the English-unit tables. The need for both metri;-tolwt &jd
English-unit tables as a function of integral multiples of specific emIers of
geopotential meters for altitudes above 90 kilometers has prompted a new set of
calculations, which required the use of equations not specifically presented in
the United States Standard Atmosphere, 1962. The development of these oquations
is discussed and the value of all constants employed are given. The calculations
involve a transformation between geopotential and geometric altitude, and the
development of an empirical analytical ewpression relating these quantities is
presented. This empirical function yields results which differ by less than 0.1
meter at 700 km altitude, from those computed in an unspecified manonr for the
United States Standard Atmosphere, 1962.
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SECTION I

PRESSURE AND DENSITY EQJATIOIIS FOR TEMPERATURE-ALTITUDE PROFILES
LINEAR WITH RESPECT TO GECMEThIC ALTITUDE

Above 90 km, the pressure-altitude profile of the U.S. Standard Atmospbere,
1962(Ref. 1) is defined in terms of a segmented temperature-altitude profile
for which each segment is linear in terms of geometric altitude, i.e.,

T- + L(Z-Zr) (1)
rr

where
Tm is the molecular scale temperature at altitude Z

TM is the reference molecular scale temperature at reference altitude Zrrr

Zr is the base of any layer characterized by a single constant value of L

L is the gradient of TM with respect to Z, i.e., dtM/dZ.

This condition is in contrast to that below 90 ka where the segmented
temperature-altitude profile has segments which are linear in terms of See-
potential i.e.,

TT + L' (l-H ) (2)
r

where
TM is the molecular scale teperature at geopotential M

TN is the molecular scale temperature at geopotential Mr

Hr is the base of any layer characterized by a single constant value of L

L/ is the gradient of T% with respect to H, i.e., dTx/dR.

Equation 1.2.10-(3) of the document of the U.S. Standard Atlcsphere, 1962
is suitable for calculating pressures associated with a segmented temperature-
altitude profile having segments which are linear with respect to geopotestial,
but is not suitable for calculating Standard-Amosphere pressures above 90 km
where the temperature-altitude profile is defined to have segamnt. which are
linear with respect to geometric altitude. For the region above 90 km the
Standard-Atmosphere document does not contain a detailed equation for calculating
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pressure or density but presents only a general integral form, not suitable for
direct numerical evaluation. The equation actually used for calculating the
standard-atmosphere pressures for integral geometric altitudes was probably a
corrected form of one of a pair of equations published with some tormat errors
by Champion and imner in 1963(ief. 2). A redevelopment of those pressure-
altitude equations and a related density-altitude equation show the correct
form to be as follows:

t 4L(z-z,) 6
in In - -I (-1) gia

+ V• _ L_ '~ gia (3)
J+1

o 0 Pr 1-0

S6-r

j.O iJ+l J

AL J 0i-j+lI

1 .1-' 16

-K j~l ji
TM~ (3)- )
rs i-jRi
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where
R is the universal gas constant

H is the sea-level value of the molecular weight
0

p is the pressure at altitude Z

Pr is the pressure at reference altitude Zr

p is the density at altitude Z

Or is the density at reference altitude At

Si is thu coefficient of the ith term of Lambert's gravitational fotrmla
given below

6

g(Z) . gi z

irnO

= 9.8066500-3.0854195 x 10"6Z + 7.2539455 x 10" 13Z 2

-1.5167771 x 10 19 Z3 + 2.9724620 x 10"26z4

-5.5905936 x 10 33z5 + 1.0219762 x 10"39 26  (6)

At one point in the derivation of the above equations it was necessary to use
the following interesting transformtion in order to obtain a form suitable
for integration with respect to Z:

K A +RA2 + z3 + z4 + 5 +n6a+z- (7)
a+Z

[K AK-A +I2 - Ca3 +Da4 - Ita5 +Fa] +

Z [A - IU + Ca2 _ Do3 + a8 - F 5) +

z2 2B- Ca+Do2- ga3 +Fa4+

2 3 [c- Da+ Ia + V2 _a 3 +

z(D -Is +Fa 2 +

z 5- (S ] p

z
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The pressure equation actually progranmed in the digital machine calculation
for tables presented in this report was Equation (4) of this document. The
density was then computed from the gas law

PM
0

P - (8)

using Che values of millibar pressure computed from Equation (4) (multiplied
by 100 to transform millibars to newtons per ml) and the values of temperature
computed from- Equation (1).

Constants and Boundary Conditions

The constants used in the calculation of the thermodynamic properties are
those defined in the. standard atmospheri:

3 o - Il
R 8.31432 x 10 Joules ( K) (kilomle)"1 and

M = 28.9646 k& (kilomole)"

such that

ro. 3.483676 x 10 3 K see2

The values of N and Pr in the program are redefined for the base of each
layer in accordance with the values tabulated in the Standard-Atmosphere
publication.

Geometric Altitude Temperature Temperature Gradient Pressure

moters Degrees K deg K/s Millibars

"90,000 180.65 0.003 1.6438 x 10

100,000 210.65 0.005 3.0075 x 10"4

110,000 260.65 0.010 7.3544 x 10.

120,000 360.65 0.020 2.5217 x 10.5

4
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The coefficients of Lambert's equation for the acceleration of gravity are
giver. in Equation (6).

The thermodynamic properties calculated in English units follow tha
defined conversions:

I foot a 0.3048 meters,
I pound a 0.45359237 kilogram,

1 Ceicius degree - 1.8 lankin degrees

a temperature of 0 degree Celsius - a temperature of 273.150 K.

From the above definitions the following derived relationships apply:

1 meter - 3.2808399 feet,

1 k a" - 6.242797 x 10.2 lbs ft'3 .

5
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SECTION II

COGrA'ETIAL Tro •E••ETRIC ALTITUDE CONVERSION

The abov*-defined corata't.s are sufficient to compute the Standard-
m~ospbere values of presaure o-sWerature and density as a function of geo-

metric altitude between 90 ard 150 geometric kilometers or between 295469.47
and 492125.98 &esawtri. Leet. The computation of these thermodynamic proper-
ties as a function of geopotential al*"tude% ia a manner compatible with the
relationehips of the U.S. Stardird-Atmosphere is a far more complicated
problem, since the expression& 'sed in Lhis transformation in the standard
sotmphere were never pubLished in the Standard-Atmosphere docment. In the
absence of then* expressions, a simple empirical correctinn term has been
developed for use with th2 previously i;sed vimple expression for converting
popotential to geometric altitude. Thus, vhile the expression used by Hinzner
and Ripley in 1956 (Rcf. 3) is

r HI go
. - - (9)

r-H G

the revised e.pression is

r (H + FO) s (10)z : r - F(H) G

where F(H) - AA + ABH +ACH2 L ADH 2 + ADMH3 + AEH4 (11)

vi-are AA - 0.0000

0. - -0.2161710

AC - +0.1807561

JD - +0.9153012

AE - +0.2006785

and where
go/G is numerically but not dimensionally unity.

It is *timated that the differences bal-een the values of Z for a given
value of H as computed by Equation (11) and the values of 7 fr'- a given value
of H as computed by the methods used In tt.a Standard-Atmosphere do not xceed
0.2 meter ove," the entire Wl''tude reion of 0 to 700 kilometers. The develop-
ment of Equations (10) and (11) and expressions satisfying the Inverse of the
relationship of Equation (10) is &Iven in Appendix A.
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SECTION III

CALCUIATION OF THE TABLES

Equations (10) and (11) plus the previously discussed expressions,
Fquations (1), (4), (6), and (8) permit the computation of the desired exten-
sions to the Standard-Atmosphere Tables, presented as Table I in metric uits.
ano as Table 2 in English units. Successive integral multiples of 1000 @so- I
potei.tial meters ranging frem 90,000 to 120,000 are arbitrarily selected as

values of H for the metrfc tables. Ines* values are converted to the related
values of Z through Equations (10) and (1i). The resulting values of Z luau
introduced into Equation (4), into which the coefficients of Equation (6) lave
already oeen introduced, yield the values of pressure at altituide Z. The tat-
peratureb which are implicitly calculated in Equation (4) are independeutly
calculate0 as a function of Z using Equation (1). The pressures and toiatutres
Pt a giv'en value of Z then yield densities for that altitude through Nquatian (8).

in the case of the table presented in English urtts successive Luteigrl
multipies of 5000 geovotential feet are selected, in the range 295,000 to 390,000,
and are zonverted to gecpotential meters. The procedure then follos that used
for the met-ric cables except that the twoperature, temprature gradient, and
density are -_,averted to the appropriate value ill English units. The pressure
is retained in millibars whieh is a metric-related unit. In addition, tat-
perature is also calculated in degrees Celsius.

The above procedures have been specified in a fortran program presented
in Appendix B.

9,
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TA3LE 1

%iEOPT GEOMETRIC TEMP MOLEC PRESSURE DENSITY
ALTITUDE ALTITUDE GRAD SCALE

TEMP
GEOPOTEN GEOMETRIC DEG K

METERS METERS PER N DEG K Ma KG/CU M

esTv4sS 90 M0.00 ,003 160e65 *16438E-02 e3170E-05

900"1,00 912f92.S .003 184.53 *1299E-02 D2453E-05
91"0-600 92121.63 .003 187462 *10814E-02 .2007E-05
9W*000 93954128 .003 190.70 *90272E-03 *1649E-05
99MWiS0 94601.03 .003 193.79 .75574E-03 *135SE-05
944to00. 9941112 ,003 196.86 *6344SE-03 *1122E-05
980.0000 96*41.53 .003 199.97 *53413E-03 99304E-06
91400.00 98603035 *003 206.16 *38151E-03 *6446E-06
9I000.e0 97472.26 .003 203.00 945063E-03 *7734E-06
"99000.00 99534.75 *003 209.25 *32364E-03 *538SE-06
99000.00 100566*49 .005 213.46 .27529E-03 *4492E-06

100000.00 101598.56 .005 218.64 *23502E-03 *3744E-06
101000.00 102630.95 .005 223.60 .20139E-03 .3134E-06
102000.00 103663.68 .005 228.97 .17318E-03 .2634E-06
103000.00 104696.72 .005 234.13 *14942E-03 .2223E-06
104000.00 105730.11 .005 239.30 *12934E-03 .1882E-06
105000.00 106763.63 *005 244.47 *11230E-03 .1600E-06
106000.00 1C7797087 .005 249.64 997802E-04 91364E-06
107000.00 100832.25 .005 254.81 .85413E-04 o1167E-06
108000.00 109866.96 .005 259.98 *74796E-04 *1002E-06
109000.00 110901.99 .010 269.67 *65732E-04 .8491E-07

110000.00 111937.36 .010 280.02 *58048E-04 *7221E-07
111000.00 112973.06 .010 290.38 .51494E-04 06177E-07
112000.00 114009.10 .010 300.74 *45873E-04 .5313E-07
113000.00 115045.46 .010 311.10 e41025E-04 *4593E-07
114000.00 116062.16 .010 321.47 *36824E-04 .3990E-07
115000.00 117119.19 .010 331.84 033l6TE-04 .3481E-07
116000.00 116156.56 9010 342.22 o29970E-04 *3050E-07
117000.00 119194.25 .010 352.59 027163E-04 .2663E-07
116000.00 120232.27 .020 365030 *24691E-04 *23S4E-07
119000.00 121270.63 .020 386.06 *22544E-04 .2034E-07

120000.00 122309.33 .020 406084 *20662E-04 *1771E-07

to



TABLE 2

GEOPT GEOMETRIC TEMP MOLEC MOLFC PRESSURE 6M)

ALTITUDE ALTITUDE, GRAD SCALE SCALC
TEMP TEMP

GEOPOTEN GEOMETRIC DEG RFT
FEET FEET M FT DEG I 9 DIC A UP

291152.56 295275.59 .0016459 3Z5.17 -92.50 ol44UE'02 .*iO* 4

299O000.00 299233.35 *0016499 331.44 46.6? 0151~4 - .3*4 *-1
300000,00 304379.14 *0016459 340.15 644.17 .99 461,0 w.I= -

309000.00 309521.43 e.00164"5 348.63 -79.4" *?406-45 -

310000.00 314670.23 .0016459 357.11 -74.75 .563151-49 :600 -07

315000.000 319631.54 .0016459 345.59 -70.04 944"92t-01 *.W1Eý7

320000.00 324967.36 .0016449 374.0? -65.32. .349201-03 "AUE-47

3 25000.00 330145.68 e0027432 384.63 -S99.3 *27266t-03 *91M)-07

330000.00 335306.54 e0027432 39e"9 -51.48 .21444-03 *2&W-07

335000.00 340469.69 90027432 413.15 -4*361 .170411-03 .1t*E-07

340000.00 345635.77 .0027432 427.32 -35.74 *136M5-43 *1*24VE-07

3450000,00 39O060416 *0027432 441.50 -27.64 ale9m! -41 .974S106

350000.00 355975.06 .0027432 455.66 -19.9" 169E4904 *1640E-08

355000.00 361146.53 .0154644 470.56, -11.71 *720211-4 ** .4? 06

360000.00 366324.49 .0014644 496.97 4.04 .640011104 .4PW1-@6

365000.00 371902.%94 014864* 527.36 19.64 *4999?1-Q4 .3111106

370000.00 376464.00 41948644 555.61 39963 .420S11-04 olftlg-06

375000.00 361667.53 90154864- 564.25 S1.43 .3541*-4* 4)901-98

380000.00 367053.65 .0154644 612.70 41.24 0309W-144 9"t-06

365000.00 392242.27 .0194844 641.17 63.05 .24267EA4*SV1WSE0

390000.00 397433.41 .0109726 46.*13 110.25 *22609-44 .129310

295275.59 GEOMETRIC FEET a906W0.00 GEOMETRIC ME~efRs

it



APPENDIX A

DEVELOPMENT OF AN EMPIRICAL FPUCTION RELATING THE
NUMERICAL VALUES OF GEOPOTENTIAL AND GECKETRIC ALTITUDE

AS PUBLISHED IN THE UNITED STATES STAMIM=D ATIOSPRIEA

A-1 CONPARISON OF DIFFERENT SETS OF CALCULATIONS OF CKOFOTEUTIAL

Geopotential in the 1956 ARDC Model Atmosphere (Ref. A-I) vs calculated
by the expression

56 rZ Go

where r - 6,35(b,7bb meters, and where M56 is used to differentiate the results
of this particular calculation of geopotential from the values tatulated in
U.S. Standard AtMosphere, for which values the designation is 62.

In the 19b2 U.S. Standard Atmosphere (Ref. A-2), Vaopotential R62 at any
altitude Z was computed by the integration of a complicated gravity-accel*;o-
ation expression along a path identical to the curved line of gravitational
force passing through the point in question (where the point in question was
defined relative to geometric latitude and relative to the distance from the
center cf an ellipsoid rather than relative to sea level) such that for each
successive altitude, the integration mast be performed along a different line
of force. No specific equation suitable for direct numerical evaluation of

H62 as a function of Z was given in the standard-atmosphere document, nor has
one been developed by the writer from the fundamental considerations whimb
were given. Instead, a simple approximation formula in the nature of Equation
(A-I) with a correction term was developed; i.e.,

rZ 0o
62/8 r+Z " " f(Z) (A-2

where H62/, r'presents the eight-significant-figure values which when rounded
lead to H62/R, the values of geopotential published in the Standard Atmosphere.

A comparison of the tabulated six-significant-figure values (above
100,000 m) of H6 2 with H56(1 the eight-significant-figure values of R56 as
obtained from Equation (A-I) suggest the following observations:

(1) The tabulated values of H6 2 are always less than the corres-
ponding value of H5 6 /j for altitudes greater than sea level.

(2) The tabulated values of 1i62 are rounded from origlial seven-
or elght-significant-figure values. (These rounded values will henceforth
be designated as H62/R0-

(3) The values of H62/s which have been rounded to U21R would
most likely differ from HiI6/8 in accordance with f(Z), sam smooth monoton-
ically increasing function of Z, which function has a value of aero at sea

13



level and a value of about 33 geopotential meters (i') at the geometric
altitude Z of 700 km; i.e,

f(Z) - H 162/6 (A-3)

Thua, a cur Lit to the difference between 156/8 M'3 •62/8 (if these
were available) woid previde the desired function f(Z), and the desired
approxinatim expianio for calculating B62/8 as in Equation (A-2) would
have been doets•mIed. fturtumstely, values of E62/8 are not available, and
an ludireet agiromh muat be pursued.

A-2 AN imm FORGMUSA f(Z)

An h0h ry et .of eight-significant-figure values of H62 is hypotheuized.
1f the atICal 010,6al Va1es Of 162/8 were compared with Z in the
region of M level sid Imdiately above, o would fInd that at Z w 0,
N#2/8 0 6, and as Z Increases sove zero, B6218 would also increase but at a
lesser rate them Z, so that at 2 which Is the symbol for a specific
altitude located otmelhere between E u 750 and Z - 1800 meters, the value of
M6/8 wuld lag behind that of Z by exactly 0.4999 of a meter. At Z - Z0.5000
uWtch Is the symbol for an altitude ismediately above Z0.999, the value
(2-362/6) woild become 0.5000. Betwueen Z - 0 and Z - 4000 I, the value of
(I-,6212) weald increase smootuly as Z increases in accordance with the values
presented in Table A-l.

The exact Imarical values of the symbolic altitudes Z0 .4999, Zn 510,
Z1.49", etc. are not known, but from the U.S. Standard Atmospere 1§2we
my infer that these values ate bounded within particular limits indicated
In Table A-I. Thus Z0.4999 and Z0.5000 have values between 1750 and 1800
meters, while Zl.4"9 and Z1 . 50 0 0 would be found between the altitudes 3050
and 3100 meters, etc.

Returning mamutarily to the reality of the U.S. Standard Atmosphere 1962,
we can examine the difference between the tabulated integral values of geometric
altitude 21 and the rounded values of geopotential altitude H62 /1 where Z, is
increased discontinuously in integral steps of one meter as Z increases, with
successive discontinuities occurring between 31 4999 and Z and again
between Zl.4999 and Z1 .50 0 0 , etc. as indicated In Table A-I:""Iie. differences
W-H6218) are also tabulated.

Two differences given in Table A-1 are shown in Figure A-1 where the
hypothetical quantity (Z - 362/6) Is shown as the solid-line, smooth-curve
function, "M the realistic quantity (ZI - X62/a) is shown as the discontin-
uous function represented as a series of alternate horisontal and vertical
line segmens, uhere these line seonts conct the series of discrete points
derived from the fUnits amber of tabulated values. A graph of the difference
(Z - H56/8) is also show as a moooth, dashed-line curve in Figure A-1 where
B56/8 represents the eight-significant-figure values obtained from Equation
A-I.

3-4



TABLE A- I

DIFFEtENCES (A - 62/8) and (Z1 - 1162/,) AS A FUNCTION OF ALTITUDE

Numerical Difference DiffreMe
Altitude Symbolic (Z - 062/,) (Zh - 42/0)
(meters) Altitude (meters) (meer4

0 Z0  0.0000 0

1750 0

Z0 . 4 9 9 9  0.4999 0

ZO.5000 0.5000 1

1800 1

3050 1

z4999 1.4999 1

z 1.5000 2

3100 2

3950 2

Z2.4999 2.4999 2

Z2.3000 2.5000 3

4000 3

15
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Since Z - H56 / 8 is always less than Z - H6 2 / 8 , it is apparent that H56 / 8 de-
parts from Z less rapidly than does H6 2 /8, and the difference ('56/8 - %62/8) -
f(Z) increases from zero as Z increases from zero.

If the graphs of Figure A-1 were extended to include the region from 0 to
90 kilometers altitude, the graph of (Z1 - 1'2/t) would show 1257 vertical
line segments representing the same Om;br of abrupt discontinuities idils,
if extended to include the region from 90 to 700 kilometers altitudes the
graph would include an additional 68, 216 such discontinuities. In these sgmo
two altitude intervals a graph (not presented in Figure A-1) showing the differ-
ence between Z and rounded values of H56j i.e., (Zi - I56/.) would show OW
less and 33 less discontinuities, respectively, than woula be seen in the
extended graph of Zi - H62/I.

If the hypothetical graph (Z - R62/8) and the realistic graph (ZI.- - 2/
are compared, we find that at the particular points for which 2 is an Integral
multiple of one meter, Z - Zi - 0, and the difference 3.2/8 - 62f3 varets
between +0.5 and about -0.5 meter in accordance with the graph of-Figure A-2.
A careful examination shows that the limiting differences 9t the points of
discontinuity are separated by values of 0.999 a , 0.999 . , or 0.99 a',
consistent with the fixed eight significant figures In 862/8 ad tkhe varying
number in H62/8 depending upon the altitude region. It is also apparent that
these discontinuities are symmtrical about the horizontal axis.

A comparison of the discontinuous graph (Zi - R62/1) and the continuous
graph (Z - H56/8) at those points for which Z has an Integral valse yields a
difference (056/8 - H62/0) which follows the pattern of Figure A-3. In this
figure, the discontinuities occur at the same altitudes as for Figure A-2.
The limiting differences at the points of discontinuity are the sam as for
the corresponding discontinuity of Figure A-2. Contrary to the situation in
Figure A-2, these limiting points are not symmtrical about the h~risontal
axis but are syimtrical about the curved-line function f(Z) whic.i Is the
function being sought for use In Squation (A-2).

Unfortunately, the number of valhes of 862/R in the U.S. 8tandard A&goe-
phere is not sufficient so that a graph of these points would shoA the detail-
ed type of pattern of Figure A-3: there are only 420 values of Ri2/1 for
altitudes between 90 to 700 km compared with 68216 regions of dis:omtiiulty
for that same range of altitudes. Consequently, "y• sin3le value 016/8"- 2/1)
from available data represents but a single point on a section of grappich,
on the average, night have 170 regions of discontinuity. ObviousLy the detail-
ed step-function graph cannot be produced from the available data. Oi a graph
in which the altitude scale has been sufficiently compressed, holmver, a plot
of the available 420 data points (above 90 In) appears as a band f randomly
scattered points in which the extrem ordinate values for any si;lie value
of abscissa may never exceed a difference corresponding to coM Pg)potential
meter, as in figure A-3. Hopefully, a sufficient number of data iointa
lie near erough to the two extreme to permit the establishment of a
approximation to the locus of the upper and lower boundary of the 1 bend.
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The smoothed lower bound of the envelope of the set of scattered data
(15w W-,UN/) represents a subset of values which are never more than
O.WIJ gk the desired function R -562/8) f(Z). linilarly, the
saO~id upper bound of the en'elope of tie scattered data ropresents a set
of vabs witch are nevr more tuan 0.5 a greater than the desired f (Z).

hWOe if 0.49"9 m, 0.499 a', or 0.49 m' is added to the individual values of

the differene set (I.%/$ 162/11), each in the appropriate altitude region,
a smt of deta called Source Set Io formed. The smoothed lower bound of the
valw el Sourmce get I consist of a miler set of data called Subset 1. The
pOefs of Subset 1 vill have values equal to or very slightly greater than the
values of de desired function f(Z) at the corresponding altitudes.

S$larly if 0.5000 a' is subtracted from the individual values of the
differ•ree set ( 1 M/AC - N621), to form Source Set 2, the smoothed upper bound
of these dowumrdly a-justea data form a set of points called Subset 2. These
datA points of Subset 2 vill have values equal to or slightly less than the
values of the desired function f(Z).

Spoints of Subset I and Subset 2 are then subjected to a further
graphical selection to form Smoothed Subsets 1 and 2. The points of these
Smoothed Subsets I and 2 are then combined, and when processed in a curve-
fitting program determine a close approxiumtion to the desired function f(Z).
Ite merical and graphical processes employed depend upon the assumption that
the funtion f(Z) as well as its first derivative are monotonically increasing
with Z, a situation uhich Is apparently true for the upper and lower bounds
of the band of data points.

The detailed steps of the process are as follows:

(1) Prepare Source Set 1 by performing the following operations as
appropriate:

add 0.4999 to (856/8 - 62/i) for 1.0000 km < Z < 9.9999 kin,

add 0.499 to (R56/ - %2/i) for 10.000 km < Z < 99.999 ki,

add 0.49 to (B56,0 - %62/i) for 100.00 km < Z < 999.99 ka,

(2) Prepare Subset I as follows:

(a) Scan the entire Source Set I for the smallest positive nmber
(all of the mnmbers of this set will be positive), and store this valuo with
its corresponding value of Z as the first entry of Subset 1.

(b) Remove this value and those for lower altitudes from Source
Set I and discard.

(c) Scam the remaining mmbers of Source Set I for the lowest value
end store this vales with its corresponding value of Z as the 2nd entry of
Subset 1.
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(d) Remove this member along with those associated wil.h lower alt-
titudes from Source Set 1. Repeat steps (c) and (d) until all the values of
Source Set I have been removed, and Subset 1 has been developed. If there are
two or more lowest values at any of the above steps store only that one
corresponding to the greatest altitude, and reject the others.

(3) Punch and print the stored values of Subset 1. This is presented
as column 5 DIP+IWC, and column 1 in Table A-2 which consists of an ordered
listing of the appropriate cards extracted from Source Set 1.

(4) Prepare Source Set 2 by performing the follosing operation for all
altitudes of interest:

subtract 0.5000 from (H56/8 - H62/R)

(5) Prepare Subset 2 as follows:

(a) Scan the entire Source Set 2 for negative values, which will
be found at the low-altitude end of the set, removing and discarding the"e
members of the set.

(b) Scan the remainder of Source Set 2 for the largest positive
value and store this value along with its associated altitude value as the
first member of Subset 2.

(c) Remove this member from Source Set 2 along wiLh all members
associated with greater altitudes.

(d) Repeat steps (b) and (c) until all members oi Sour,:e Set 2
have been removed and Subset 2 has been developed. If there are :wo or more
greatest values at any point in the scanning operation, store only that one
associated with the lowest altitude and discard the others.

(6) Punch and print the stored values of Subset 2. This is presented
as column 6 DIF-0.5, noad column 1 in Table A-3 which consists of an ordired
listing of the appropriate cards extracted from Source Set 2.

(7) Plot the data points of Subset I on large-scale graphs ,not shom
in this report) for further data selection. The suggested scales for these
graphs are indicated in Table A-4.

(8) SeoLct certain points of Subset I which appear to form r smooth
monotonically increasing lower bound to the total of Subset I data. These
selected points comprise Smooth Subset I and are those points which my be
connected sequentially with straight-line segments meeting the folloving two
conditions:

(a) Bach of these line segments lies below all those pcints in
Subset 1 having altitude values within the al-itude interval encompassed by
the particular line regment.

(b) The successive litne segments have slopes which are monoton-
ically increasing for Increasing altitudes.

19
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TAKLE A- 2

V'W"ýIS rýF StiHSET 1 Ac A FU!NCTIONj OF 0UEOMUTRJC ALTITUDE
..'ITH THE RrLAiTEn VALUFS OF Hb2/R9 H56/8;

AND THF PIFFERFAWCS H56/8 - H6?/r

(;F3"'T71C H6?/R H56/8 DIF DIF+INC VIF-0o.
ALTIT '~c I156-Hb2

GEOPOTENTIAL GEOPOTFNTIAL GFOPT. GEOPT. GFOPT.
'AIFTF N.E TER S M1ETERS METERS t'ETERS METERS

'211- o 3-.85C00COF ',S *30849557L C5 -94430 90560 -o9430
S-.*57476000E US' .57475565E 05 -.4150 *0840 -99150

87. le .8 9560)OF ..,5 e809557.)CE 05 -.3000 01990 -.8000
96.C' 9 45720OJE ;5 .94571776E 05 -*224C 92750 -.7240

l1r.+": '. .1 2943CIF ý,6 .1032931!lE 06 -.1900I 93000 -.6900

14~$ r .*'*" I't69 8 1 vF ý,6 *13698?11F 06 Olin". *60,^.O -.o3 900
441%.' .141ý8I00%;hF ý-6 014081-'22E 06 *2200 *71'?0 -. 2800
-Is~; Ii 141766)%j~E e: 14176626E 06 *6c .50 -20

15?. .e o148/45--'CiE c6 *14845(032E 06 .:320C .8100 -01800
156.; 's e152263JýIE -6 .1522633?E C6 O.Al0Q 982010 -.1700

16... - .e1617 7 5COF -~6 .16177542E 06 o 4210~ -- 9100 -.0800
173-. * 169416iX'E -6 *16841652L 06 .520C 100110 .0200
17( 17 "1 o. 174;9 7iLE 8ýFý,6 *17409759E 06 .5900 1.08.'( .0900

,& *1944850ý.r ' .48512E 06 .8200) 103100 93200
1a ' .'r' *lP61700~JE C6 e18617095E 06 *850C 1.34-70 .3500
19?J':2. *187312C0uE 1.6 *18731292E 06 .20 1941JO 94200

',* 92ý73460t.F ',6 e20234716E 06 1 s1600 1.*65 10 *6600
2 13,;.~ ."o 2. 6..930-,E 1;:6 e2o)609428E C06 lo280C 1 *77-'0 o7800)
2240L. o 2:637400E 0,6 o21637536E 06 1.3600 1.e5310 98600

22 -..* - .226010400iE .,6 e22U1~541E 06 1.*41C 1 09 0..;0 3 9100
?11: .1e o22476000E ,,6 o?2476362E 06 1.6230) 2*1100 191200

?' ý * 21.)23 3 8 o%,E .,A .23,031975E 06 1*750C0 ?.24103 1.2503
241,.,'- o?244,510uF ..6 *234O5)Z86E r0.S @P.6.') ?*35'70 1.3600
2~' o 242389j,'E I.; e24239A1ý4E 06 10940.:, 2943;)0 1.4400
?5 1.".o 9243314UCE L..6 o?43316ý.vE C6 2 e ,jýOu 2 *49.,C) .i50C0
2 7 I , .'. e 2451630L4' L. 6 24516525L C6 292 5 001 2.74)0 1.7500
' 61 o 2?5070400E -.6 *25070634E 0 6 2*.'A4 00 ?.83%^C 1.8400
26.2*.2r62!50..E -.6 *25623719E C6 2.*390C, ?88,ý0 1089010

7 926?594,iJE -.6 .?6159656E 06 2.e560"' 3 a0 5 , 0 290600
e2 * 66149.'-)F .6 *26635165E P06 06 5 0, 3 o14!'0 2@15f00

a. .7 ()9 ? 0"'E *.6 o277j9379SE 06 2 *93000 3.47t00 2e4800
297Cý'. * 2745990-,E .6 927/,602ý6E 06 3ew'6C. 3.55,:0 2.5600

,M - . 2771440UE '*6 .?773472?E 06 1*220*3 *3*71-'0 2.7200
298' 0 3465200t: '6 *28465!5,dE )b 30580;, t 40 70)C 3*0800

2 . .?P5564:3uE Z'6 .?b5567-98E 06 3oPbCP, 4.371)0 .ý*3800
72 A- 6 64 7 6C.0E j 6 o2R647992tE 06 9.2 00 -4*4100 3.4200

3 12 o @207399-.,JE 6 o297403- *'E 06 4.*000C 4*49(), 3.5000
ý2 e ' 4 6 ;91)0F -6 .3r4663,73E 06 4o2 301r '47 2 t, 3.7300
17- 1 `-6 4 7 1 F-6 o 3064 71,r,j i 06 4 *5 F 0 %^ 07'^3 4.0800
"2A .- *1.19 1 7 (1 V t6 .31913164E 06 4.6400 501300 4.14C0

/A4 0~? 61'2 5 CF 6 ol26339'33E 06 4 e9?W', 4 2 00 4.4300
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TO3LE A-2 (Continued)

!N4AET t m RH56/:! LIF D IF+1"I(%CL)IF-0.5
'ALTrITI H-56-H62

63ý7'P- TEN~T IfL GEOPOTFIT I AL 5Fý T o GEOP T .ECP T.
*VFTrpc kqFTFRS ".TR .1RS *AE TER S METERS

'.. ý8l4%,%,E .6 9328139311 C6 5.93 100 5.*80:'c 4.8100
14P o32993?7;-E ý6 *52993763F- C6 5.6300 6.1230 5.1300

46Z . -*424 ~E ;6 9142495821: C 6 5.8200 6.*3 100 50'3200
-3 6q\9* , 14 $41, 6 934786196L. Cb 5.9000 6 o39 40 5.4000
? .n".. .359r'r'q.-F 6 01 5R56539E 06 6 o? 00 ' 698100 5.8900

o 16 k"2A19 % 6 916U345')9E 0 6 695900 -J0 8 0 6o-0900
a OIA?111s%,,E .6 93621?473E 06 6o7*30C 7.2230 6.2300

'Aar,, o.361896v. F7 6 o!639C;284E 0 6 69P400 -7,@3330 6.3400
39" - .o367449CiF - C, .? 674 rl' V E 06 6.8600 ?'--5% 693'600
49 o., e 74 54?UU.)E ý..6 el745493ý,ý 06 7 o3uOU 7.7930 698000
4 " P-. 'oo37 8. 8?c ,:, J6 *378081ý71E 06 79710C 8.2030 7.2100
4nff* * G .. 316180,;F . 6 918162595F f, 7*9500 8*4400 7.4500
141. *. 0,12:J) 9~ .5 15 f.;1C E 6 8 o01C lC 805000 7.5100
4 16:< . .OP44.'C r'-. 6 .10044826E r'A 0-02600 8 *7 r D)3 7.7600
41 P1:" 'o 0 3c? '. IF .,6 *3922C7959E 06 R590.. 9008'-0 8.0900
42,";, ' a V3; ? 1), 6 1 .6 9396986L 06 a*"8.80 0 9.37D0 8.3800
4?? 0* 97,.-ý ý6 o3957P':15F C6 90150") 9@64:)0 8*6500
"?74t.." ' *397478UuE %.6 .39748736E 06 9.360', 9.8530 8.8600
426 s .3'?235O''F ._6 *39924'i54E 06 9.5400 10*0310 9.0400

4 ?P .4 099 1C'..E -6 o 4 .. 1 CO,68 E C6 996800 lU *17.> 9. 1800
46- .4!!2r-5,-,- '6 e41326479E r~6 9.7900r 10*2201 9.2900
4 *c o 4?174 )-).)F .6 42025:'191F 06 10 *19'N 10.68 '0 9.6900

4r,4 , . 421726jU)E * 42171674E 36 10.7400 11.23 .0 10.2400
441,1 ', o 42,90480OF '6 o42P.95889E 06 lC.890V 11.3830 10*3900
4f,4 'ý.3"4.~ 6 .432415?IE 06 11*2100 11*7CI0 10.7100
'468,, 1* *4*45W'J6CuE .6 94359Gý747F~ 06 11.4700 ll.96jC 10.9700
47?,.' 9. 4-'9'64UF. -!5~ 943937th66r. Otb 1196600 12.1520 11o1600
f476." *' 447P280(rL -,6 e44281397bh 06 1107800 12o27.10 11.2800
4717- * 444ThRi,,K'F 46 *44457Q12E 06 12.3200- 12981)0 11.8200

* 44P 16..*-'-F -6 9448C2?87E '06 12.3700 12.8630 11.8700
4c .4 A2 I l % .E -6 .4532G,7R7E 316 12*.4700 13.3630O 12.3700

4 94%.~. 9 i I S-'fE -.6 94583*1829E C6 13.2900 13.782i0 12:7900
, '* .4635260JE .6 *4635396bE 06 13.660C 14e15.20 13.1600

o o6,678.,.;F 6 *46869.i 1ltGb 14.OlOu 14*50.iO 13.5100
o1.. * 473821Z,ýE <6 "S47383536L 06 14*3600 14*85)0 13.8600

I o I,'/ r S. . 135030E ;.6 .475547SIE 06 14.8100 15.303-0 14.3100
* . 4FC664'C..' f, o4R..679)19E f6 15 o I ) 0 V 15968)0 14o6900

S.75,SC (;1 6 *4958C'162E. 06 1'i.4200 16 o11 Al 15*1200
9 *487L4CE t, o48750711E C6 16*1100 16*60'"0 15.6100

*4'~ '0 .48'9s.F I, *49tC91'141 016 16el40C IS *63 Al 156400
a~~, 9/ f-4 43%.3Lv -6A *4943lci2CE C6 l6s2rN3 15*691C 1597000
,.3 o 4 0% 6 .49601',751. 06 16.1500 17o24)0 16*2500
* o4~'ý4- .1.F 6' *49q4ll'l. ;L 06 16.'U"0 0 17e39)0 16.4000

o. .5 618SJ.)E .6 .50362U?17k 06 1791,7OC 17*86.;0 16.8700
r .4 o r,1971 ;)F oP-*1Q58H72F r6 17.7pir 18.213 1 'I 7.2200
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TANA A-2 (COutiauod)

GF-TAFP C W6?/R H56/8 r) IF. fIF+INC GI;I-t).5
ALTITI*! TW r -56-H62

GEOPOTENTIAL GEOP0TFENTIAL GEOPle ý,Eupr. Gt-:0PT*
"AETFRS METERS METERS METERS ME TER 5 fiE TE R 5

# .71951CCE :)6 *512971!4E C6 18.140C- 18.6300 17.6400
eSO~ *1~1CF*6*1634966E (06 l18S602 1 9.15 of 18.s1600L

5.680CO& *S2)?9100E %,6 *5214IC12E 06 l9o120ý; 19a6'.610 0 18.6200
eS2 *5980S0..E ý)6 .52982475k 06 19.7500 20.2400 19.2500

5 9 10 0'5341484UJF- 16 .'315C47tI 06 2 C.o78 Ol ?I 21.7 V 20o2800
15820C(.10 *533163(,OE U6 *53316382E 06 ZC.8200 21.3OCc 2U.3200
584 .;,C *--# 534841J',,E -.6 *5348619UE 06 i o9.'uý.. 21*3900 ZU.4000
5!6-"' ) 95165180GE "16 e536539L2E 06 21*0OC 21.51C,0 20.5200
5890C'6* 538194Q0E ý6 *53821517E 06 21@1700 21.66C-D 2U*6700
591ý'~ It *518F90t' F6 .f 53989('15E 06 21*35O0ý 21.8400 20.8500

'S1'''a o54154!;jE .6 *54156457E 06 21.o5 7 C.Z 22.0600 21C7,070
fjl~l *54823030E 06 954825i82E C6 21.8200 ?22.3160 21.3200
602u',d,* *549899.)VE ý.6 954992122E 06 22o220C, 22.7l00 21.7200
6 u4L.0) .351S67UoE ý6 *55158960E 06 i2.68O00 23#170C 22*18CO
6w`8UO0' *55&9v'10CE .6 .5549237;jE C6 22.00;,. 23*190C 22.2000
610CC ;o .556S660vE ~.6 .55658928E 06 2392M0j 23.770C 22.7800
614CC"..* 955980400E ,.6 *55991756E C6 239560CC 24o0500O 23.0600

6n0 *5648790(: u6 .56496284E P06 23e8400,C 24.33,00 23.3400
6?6C('P . 5698'55--XE v6 956987954E 06 24.540%- ?5.03-DO 24.0400
6M."l'o *571511OC(E ý.6 *571536'.4tf 06 i5.540.1 26.0300 25.0403
61001'. ). o 57316?0tE u6 *57'4192bUE )b 25e6030 ?6.09J0 25*10CU
637LCC-q *5748220CE 46 e5748477kE 06 ie.7CO6 ?6*19uU 25.2000
614;JC'. *S76476CoE w6 *5765CI86E C6 P5*860C 26.3500O 25e3600
63600 ', 9578129%`)ýE ý'6 *578155.,bL 06 6 o08 0 ( -'6*57J0 25.5800
61PC'r.', .579?81,XF ..6 &!5798(.734E 06 26.040C ?698300 25e8400

64C' * F A4 7 1?() CE -6 *5847Th848E (16 ?6 94 8,)0 26.9700 25.9800
646( -. 'a *58638J)0iiE o.6 .5t1640691t C6, 26.a97('J 27.46JC 26*47CC,
65'.'. 'o *589674DjE '.6 .59970114f 06 27s1400 27.63'ý"C 26*6400
654. *S9296'.CCE .6 *59299155E 06 2 *1 o SO k ?2.0*W" 27.0500

66~~ .*597892VGE ý,6 o59792012C 06 28.1200 28*6 100 27*620u
662..-, a .599532ioE -6 *5495611uý 06 29elC-OC 21*5ý,Ot ýd6000
664,. (," 6%-1172k0~E 1.,6 .60120115E 06 :9*150%.. 29*.6400 28.6500
1%f,, * 6`28113..E .6 *6%C,26f4C28E 06 29*268CC 2,,.,77)C 28.78000

06U 6-4k49oCGE -6 *6144784SE f'6 29*45U'C ?).9430 28.9500
6700 ~.' *6`6..86JE ..& e6061157UE 06 2 9 7 t: C 3ý'*190C 29.2C00

.6 7 a *6-772?3ý,E U6 *607752ý'.3L 06 30.0C300 ~IZ.52'J0 29.5300
G7P.t C. #616?7o0iE -~6 *61265539E Cl6 30.3900 3 - 886 Q0 29.89C0
68?2Ji o o6158890OE 06 *61591*ibbE 06 )Oob~6OO 31.*15 00 30.1600
686,i. *619149ýD)E C6 .61,91OU23E 06 31*23U%.; 31.*7 200 30.7300
69-~'. -- "*t62240~53DE -.6 *6224310iE 06 3.C9 0 C ?5 800 3103900

6~'o *674V3701oE -6 .62406414E 06 32*1AO... 3 2 #6 3 0 31.6400
0 e 62565ACQE 6 *625~69-)26E 06 37.260C0 12.7500 31.760C0

6'q&' o 06272SU~CF L6 962731545C 06 1,20450C 32.94.0C 31.9500
*0) 629qD7V)CE 6 r,62893974.E 06 32.740C 3 3.2 3170 32*24CO

"?2 o ' *6')05I30,.E uS. 96305,6Io9E 06 3 3 C)CO 3 3 58 0Q 3205900
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TAN! A-3

VAI.JtL-I OF sUHSET 2 AS A FUNCTION OF GLOI4ETRJC ALTITUDE
v ITH- THE RELATLLDI VALOiES OF r162/Ro 1156/89

ANO THE DIFFERENCES H56/8 - H62/R

GF06,FTPIC H62/R t156/8 DIF flJF+IMC DIF-0*5
ALTTTII'r H5 6-H62

GEOPOTENTIAL GEOPOTENTIAL GEOPT. GEOPT. GEOPT.

"FFT ER- PETERS METERS METERS METERS MrETERS

9::' 61053XIOF .,6 e63'V563o~9E 06 33.0900 33.5800 32.5900

69P!"'-o o62~9O7OOE `6 *62893974E 06 32.7400 33.2300 32.2400
* 6?7?81%JOE -16 *62731545E 06 32.4500 32.9400 31.9500

694,,r., *6?569800E -26 .62569U26E 06 32.2600 32*7500 31.7600

6q?..fl. *62',0320UE j'6 s62406414E 06 3291400 32.6300 31o6400
63.q-'l * 6?077700E ý'i6 o62U8C912E 06 32.1200 32.6100 31*6200

684k,,' . *b75190%1E t'6 *61755040E 06 31.4000 31.8900 30.9000

6Pe'' 6l425700E C6 .6142880CJE 06 3l.0000 3194900- 3095000
657('-'e -. 61tP99l'.h.E 36 e61102186E 06 30.8600 31.3500 30.3600

674"r'". *6"9"37O(;E 0J6 *60938741E 06 30.4100 30.9000 29.9100

i7'" :* 6:;77?2UUE .)6 .60775203E 06 30.0300 30.5200 29.5300

67 e *6'.6m-.86.-A-E .6 .60611570E 06 2997000 30.1900 29.2000

66~.90'>. *6,444900E 06 e60447845E 06 29*4500 29*9400 28.9500

666-7!'.* *6-2811OOE v6 *60284028E 06 d9*280C 29.7700 28.71800
61'ý4a7, ) .6ý11720CPE (.6 .6012C115E 06 29*1500 29e6400 28.6500

6621"')o o 599'53?UOE (£6 .59956110E 06 29.1000 29.5900 28.6000
*5 .046O7i).;F L6 *59463534E 06 28*3400 28.8300 27.8400

6*:''..911190OE ::s *59134681E P.6 27.8100 28.3000 27*3100

640.-I * 588)2700E L-6 .588C5453E 06 27.5300 28.0200 27.0300
642?-''. *581o~820CE n6 *58310905E 06 27.0'500 27e5400 26.5500

640%*.'.* *581412CjUE t;6 *58145866E 06 26.6600 27.1500 26*1600

6'20 . .. ',*79781C%.E -.6 *579bC,734E 06 2693400 26.8300 25.8400

626'.I i.5.7812900E ý16 *5781550SE 06 26.C800 26957C0 25.5800

614 .-I 95764760,,E k*#6 .5765C186E C6 2598600 26.3500 25.3600

617'-?>" *5748220t0E ti6 .5748477%JE 06 25*7000 76.19UC 25*2000
6'4:) o o.57167O(0F '16 95731926GE 06 25.6000 26*0900 25.1000

67Pý'-' o.-71511CCE 06 .57153654E 06 25.5400 26.0300 25.0400

622; '.' *56653800E %ý 956656270E ob 24.7000 25e1900 24.2000

616)C~.l *5615560UIE 06 e56158ý.;28E 06 24.2800 24.7700 23.7800

610'" *558230G0E 4;6 955825390E 06 23o900G 2403900 2394000
61''1.o 55656600E t;6 .55658928E 06 2392800 23.770C 22.7800
6: 6 C . .55123406~E 06 *55325717E 06 23e1700 2396600 22e6700

1 4'ý. . * 5515673QE %.6 eSS158968E 06 22.6800 23o1700 22*1800
1'0Px'" *ý .465iiqOF 0)6 or)4658145E 06 22*4503 22e9&00 21*9500

Ac6! P'. 95448880.')E V6 .54491011E 06 22.1100 2296000 21*6100
*5>J.4'32160ý,)E .6 .'S4323782E 06 21.8?OC 22931030 21*3200
**'i.~ 541543OvE L-6 954156457E 06 21.S7Ct ) 22.060C 2190700

501 ¾ .398690)E U 6 *53989A.ISF 0f, 2193500 21.8400 2098500
r 't. or,13I94()or .6 .5382h121E 06 21.1700 2196600 20*6700

"1-0 0 536%18CUE .P6 .53653V1.2E C6 21.0200 21*5100 20.5200
5~191,' r,!4 10 ~. -6 *54861%C0E ()6 20@91)CL' 21 o31r'00 20.4000

I I. .31610' * F 6 9!,331P.38E 06 2(19870(" 2193200 20.3200
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TAMLE A-3 (Continued)

r.fkVPI 62/R H56/8 DIF PIF.INC DIF-0*5
ALTTTI9')F H-56-H62

GFOPOTENTIAL GEOPOTENTIAL GEOPT. GEOPTe (jE0PTo
VFTFRIS METERS PETERS METERS PETERS MEITERS

r,81nk"I *5114 84 COE 6 *5.315G47SE 06 20.7800 21.27CC 20.2800
'7'!'7,1! e~ o7~XE~6 .523094 9 9E 06 1Q.9q(cX 70.4800 19.49000
ý,64CT1. ' 'I 518?l8UIOE t6 *51803745E 06 19.4503 19o9400 18.9500
56C%)C-)* *51464200E '.6 .51466U9UE 06 16*900C 19*39V"O 18.4000

55u~.*5112620G;E j6 *51128%42E 16 18942OL; 18.9100 17.9200
552L"ý'-l o5 78780V*E u6 -950789bC3E 06 18.0306 18.5200 17*5300

*4~' 5.-4490JJE .6 o5C450773E .06 17.730%0 18*2200 17.2300
544001o *.5,1(198OU.E .i6 *5011154SE C6 17.4800 17.9700 16.9800
540001o *4977020-E t-.1 .497719131E 06 17*31CC) 17.8000 16.8100
'63RC':tP' *4961)03(ýE :6 *49601975E 06 16&7500 17.2400 16.2500
514"("'. .4026010JE ..6 949261766E 06 ]6.66OCC 17*1500 16.16CC)
530JI'lo .489195'.h:E -.'6 o48921163E 06 16o6300. 17*1200 16.1300
524.'ý . o4840.790',E .6 o4S4C9514E 06 16.1400 16.6330 l~e640o
51813'~.O o478954JOE L,6 947896973E 06 1507300 16.2200 15.2300
516..')., o47724400E .6 *47725927E 06 15.2700 15.7600 14*7700
S I 47210700E I'M *47212191E 06 14.9103 15*40l00 14.410C
.4C""* *4669610'F r6 946697557E 06 14.b70t 15906.10 14*0700

40AC,7:I* *4618(;6v'3E ~6 *46182021E 06 14.213C 14*7C0,0,- 13e71CC
49 o 4r664?.X%'E ,, 91A566.5583E 06 11o8'? () C 14.3200 13.3300

486cr'C' .451469UOE .46 *4514823dE 06 11@380^ 13.8730 12*8800
4R4t.C (* *44974300E ý;6 *449755o87E 06 17o8700 13*36,"0 12*3700

*3~ 446287~JUE tC6 944629986E 06 12.860C 13.3500 12.3600
47Q-..I* * 444358DOE ý-6 o44457032E 06 12.3200 12.8100 11.8200
474.o(,)* e441:o9600E -..6 *4411tC823L 06 12.2300 12.7200 11.7300
47nr-t* *4?76V1CO. '6 .437642i;7E 06 12e0700 12.5600 11.5700

*6,7 414160jwE '-6 .43417196E 06 11.0600 1203500 11.3600
4.6':.".o o4'0686CCE 16 *4ýv69756E 06 11*5600 12.0500 11*0600
456ý..'" *4?5467OiýE -~6 e421ý47846E C6 1194803 11.9700 10.99800
452ý1.C * o421983cLE 1-6 .42199397E 06 10.970C 11.46C0 10.4700
444 ;:, 7 e 415v%2cuE -.6 e4150126ft 06 10.680(o 11 *17 -) 10*1800
416 ý * .4,9t0530E -'-6 .41801494E 06 9.940%C IC.43r0 9.4400
434#:tC. o.4,62530CE k,6 .40626292E 06 9e920C 1C.41')0 9.4200
437:> 1 *4A,~U ;.; 4045U988E C6 9.8800 13.3700 9.3800

'.' . 4'2746JOFJ 6 *4(0275SPv.E 06 9.8G30 lfu.2900 9o3000
47r` ot&"C901 J)F >'6 *40110C68F n6 Q*68nr 1%^*1700 9.1800
476',: 'o *3Q92 i5')jE J6 o;9924454E 06 9.5400 ltu.0300 9.0400

o?" ' 
1 7479C0OF 0'ý 919748736E 06 9.36L3C 9085uj0 8o8600

4.? 7. .e9391572CCPXE ý& 6 99572915E 06 901500 '9964C0 8*6500
47' 0 * 0 01 0 610-.F -6 9?91969BRE 06 8.5800C 9*370(1 8*3800
414.* *I.F8677CuF. .6 *38868587lk 06 8.870C 903600 8.3700
,'% Q ,'* 9 Ot!840OF 'If, o38339249F 06 8.4901l 8098on 799900

44 170 A 1;F v 6 9?7985816r- 06 R e 6f%%" e68500 7.8600
'L~ no- 912 61.,EA.7','2(;,E IA 9 0k''3 1(.) 8.5200 7.5300
'97"" 1) 2 226q?)"OF %.6 @36923C80E C6 7.8a00t"0 8.92 90C0 7.3000
'17,Q ' lo35677700E .i6 *35678411E 06 7ol110' 7*60."C 6*6100
2177;.:-ý *31427Q0F Z'6 *3514339SE 06 6.9800 7*4700O 6.4800
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TABLE A-3 (continued)

E014ErT P4 r 62/R H56/d ujF PIiF+ 1 N(.. OF-Oo.
AL T T T""Irl h56-H62

r-FOPOTENTIIAL GEOPOTENTIAL GEOPT. GEOP7* GEOPT.
1,rTF ,- eý m6TERS MFTrRS PMETFRr- METERS METERS

364'o . .344279%;1F u6' *344"?8¶58E ,C6 b.5830 7*0730 6*O800
.456~ :o .471140LuE ;j6 *33712ij15 06 6.1603' 6.*6400 5.6500
?54-.. .*3?532CJCGE L;6 e33532613E 06 6*130C 6.6200 5.6300

25?. 3 3*532 5 0.;E .6 e333531C2E 06 6 e0204C 6.51D0 5.5200
oi *31q77q,,F .46 o?1171496F n6 5.P60C 6.35)(1 5.3600

4.4 12 .390?U 9 0F%.6 *3??9976'4E 06 5.6300 6.12)0 5e1300
'314 ? . !,"4r040.E .6 *'32453v471E 06 5*47Qi) 5,96.-,r, 4.9700

'Aa '1,"094 J >E -.6 02093512L f16 5e3200 508110 4*82')0
??t - .137...9OCE ,6 *3137141.)E 06 50IOU0 5 c.5' 10 4.6000
32S,..' o 31191,10JE .. 6 9 -11 9U6b.-9t 06 5 0 V"9 ",U 5058.)u 4.5900

".-1* e ' 0, )(:.E .6 C3~~/~ 6 5 ecjG 549)0 4.5000
?4 *3.3 t2H7G,.E -.t 9108286843E 06 4.8300 5e32)0 4.33C0

r' r.., E A *30284981E 06 4*P100 5*30:)^ 4.3100
214 ". ,,)0 6 .29Q?2l1%dF 06 4*660C 5.*17)30 4e1ROO

e 2'. .'19 4 7Q ,E e, (-291()46363E "ýA 40800 498710 3s8SOo
*204" .. ?917Iu v~6 *29012532E 06 4.3200 4.8 1.iO 38

3)? ~ C * 2890F- .$3~1E 4*1600 4.6 5 )00 3.6600
'0 ef;2826COE V'6 *28283013E 06 4*130(. 4o62") 396300

29? .*'?79177J%.,E G6 o"17917597" 06 3.970C 4e46%0 340
291- Jo e77P258C;E ..A o?7826173E 06 3.7300 492230 392300
17-7. e 2. 4- ,/'A NoE , .4 *6543Th7E 06 3.5730 4906M0 3.07C0
277'1., o .76 17~i) r , F!6 o;7617SF4?E 06 1 3. ?1 .,~ 3091-)0 2*9200

76' .2r-71ý. -. CE -.6 *25715826k C6 .7 6 0 C 3.*7 513 2*7600
266-'o:. ?5 5313 %E %0 4 .25531625E 06 3 0250C. 3*74JC 2.7500

7A I l *r-54P':),.F *6 .5255115E 0C 3.'?1500 3 e64 *C 2.6500
2' ' *247934ýj):E %.6 *247937-v!)k C6 300~50C 3.54J0 205500
?54..j . *?ý44238')UE .,F .24424C17E C6 2.770C 3e26)0 2.2700

74*%J e2l59U.5*.hQE .-6 *?359Cu174E C6 2.740C 3.23J0 2.2400
:) 1- .*o28679UE 16 *22S48149E C06 2?e4010 2.98 le 109930

277ý"' e. 2?1 )17 10vE -.4 oP1917313F- 16 2 0 13n~0 2*82YO 1.8300
2r.* s217306c.,F ( *6 .217 3C08 %E 106 2 9?3'000, 2.79) 1.8000

2? 21 * s .1 r44.%C~E -.'6 921544213L 06 2.*1 *0iZ 2.62)0 1*6300
21r5C, a. o2 79640'E -.5 *20796612E 06 2e1200 2.96 1 3' 19620i
2 ;'2, " * e 1 C6 716 j0E -6 * l)6-717 9 I 06 1.9200 2*41-;0 1.4200

Ilb * *18829!viE .6 * 19825472E C6 I *7 2'. 2.e2 1 ~ 1.22C0
I1PR F%, e eIR9800E ~6 .18ý59C.65L 06 1.6bOC 2.14Y0 1*15C0

* 9 17 3l15'l3 .E r f,17315146E 06 1*460'j 1.95 .C. e9600
1 7A 9e17:.3'.11,%,F '6 917'U31118E 06 le'ýaoc 1.87 :0 6880.0

I1s"' 1* .1AL6 27G 0'E f, e6467116L C6 1*360Z' 1085) e18600
164t. * .1r.9874ý,.,r -6 915'"875.3L 06 19330^ 1.8? A *8300
16'ý . 1) 7 9 71 'ýE .6 *157974',YE 06 1 llj'oZý 1.58 '0 .5900

0W~ .lO-4i67O00 ,.6 *154166i.SL C6 1.cbCo 1.e57 )u 5800
e]4166'.1-ý;E 06, .146542Z6t- C6 1 006L... 1.55 ) WA .5600

146 - @14777)1vE -_6 * 142722o.1L 06 i *Civ, 105.so.c sl
WA ' - * .119 A" 7 -E *~ I 39e8i'bt 06 0 aP 00 1.37'0 03I00
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TABLE A-3 (Continued)

G~vernArfC H62/R M56/8 DIF DIF.INC L'IF-O.*
ALT!I TO ,FrH56-4-62

GFOPOTENTIAL GEOPOTF~NTIAL ýiEOPT* GiEOPT@ tjEOPT&
"FTFRc ETR METERS IA¶I TLRZ. METERb 5 4TERS

117'C .11C..6G'JE '.6 el1uO6,;83E C6' 983C,- 1*32ZC e3300
1 IF % 0%1, f-6 195Y r): f6 *1V619575E 06 * 7 r ,0 1.24'CC s25C0
1 17'W. o.1.5228ucE i~6 oI0522874E C6 7 4 0,", 1.2300 *2400

gl*. - *897150OUE .15 *8971r568%E 05 * 6 8 O. 1*179C q 18 0t
74'.-,' *71193DUUE v5 *71193624E 05 o6?4C 1012iO *1240

*6*69237'JjwE _.5 *69237564E 05 *564v' 1.06.30 90640
* .4397~J~ ~'59436975'36E 05 *3c 0' 06
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TAM A-4

WSCALN VALuM W 1f(g) AU Z 1 RU DnZVM UT m
WM OLIN C I 1=1U! 1A 2

Altitude iaterval Nters of f (1) ke of Altitmis Z
bw u1 I as of Ore* Par I nc of @moo

0-150 0.02 4

100- 250 0.04 4

220- 370 0.10 4

360 - 33 0.10 4

550 - 700 0.10 1

',



as WISS of straight-line aspants maeting these conditions Is desig-uted
esf$*l). The ordinate malues of the desired function f (Z) may be eq~uu. to

ow SW.i then the ordinate values of the end points of the segments of f (98-1),
In*will always be less than the ordinete values of all other parts of f(~SB-):

(9) Plot the data from Subset 2 on the same graphs wich Subset 1.

(10) Select certain points of Subset 2 wtaich appear to form a smooth
momotonically Increasing upper bound to the total of Subset 2 data~. These
selected points comprise Smooth Subset 2 and are those points which may be
~cted sequentially with straight-line segments meting the following two

Conditions:

(a) Bach of these line segments lies above all those points of
Subset 2 having altitude values within the altitude iuzerval encompassed by
the particular line segmnt.

(b) Seas as condition b under step 8.

This series of straight-line segments associated with Smooth Subset 2
data is designated as f(SS-2) end will be seen to be close to but below the
supwats f(38-1) prepared In Step 6. The ordinate values of the desired
foumtion f(Z) my be equal to or greater then the corresponding ordinate
valises of f(SS-2) for all values of Z, but there Is a small probability that
the ordinate values of f(Z) may sometimes be slightly less than the corres-
ponding ordinate values of f(S8-2) for some values of Z in between the end
points of aome of the line segmnts, I.e., the points of smooth Subset 2.
for mW particular set of abscissa values Z2 corresponding to the abscissa
of the data points in Smooth Subset 2, the desired smooth function f(Z)
has ordinate values which are equal to or greater than the ordinate values
of the related points of Subset 2, but wbich are less than the corresponding
ordinate values of f(28-1). Thus, the value of f(Z) corresponding to each
member of the set Of ordinates Z2 Is bounded within small limits, and It is
poosible to estimate the value of f(Z) for each value Of Z2 to be midway be-

twens the appropriate limits. It is also possible to estimate the value of
bf(Z), the cange of uncertainty of f(S), to be equal to the separation between

ii Values of f(Z) and Sf(S) may similarly be made for the sot of abscissa
values Z corresponding to the abscissas of the data points in Smooth Subset 1.
In these Instances, however, the ordinate values of f(Z) will be equal to or
less than the ordinate values of the related data points of Smooth Subset 1,
end may be as low as or even slightly lower then the ordinate value of the

correspoding points of f(88-2).

dw atapoitsof Smooth Subsets 1 and 2 respectively, estimate values of
f~g an bfZ)for rho abscissa# in the set Z1and Z2in accordance with thedisussonunder step 10.



The set of graphically estimated values of f(Z) and uncertainty of f(S)
in the form of 100 bf(Z'/f(Z) are presented as a function of Z In Tabla A-S.

The f(Z) Polynomial

The data of 'fable A-5 wete fed into a digital-machive ctueve-fitting pro-
gram designed to yield the coefficients of best-fit, first-, seond-, third-,
and fourth-degree polynomials as well as the difference between each point of
input data and the polynomial values for the same abscissas. From consider-
ations of mean differences, the fourth-degree curve was found to give the
best fit of the four curves considered. For the case when Z is expressed as
kilometers, we find

f(Z) -A + Z +CZ 2+ DE +fl 4  (A-4)

where f(Z) is expressed as a

A - 0.4858124 x 102 a

3 - 0.1338918 x 10-3 a P/AM

C - 0.1903029 x 10-4 r' Akm2

D = 0.8288881 x 10 -9u /k.

It3 0.1822113 x 1010a1Am

When Z Is expressel In moters, the values of the several coefficients wre
mualtiplied by (10- )x (ks/in)1, where x Is the power of Z in the term with
which the particular coefficient is associated. in both Instances the din-
ensions of f(Z) is geopotential moters. A list of the functional values of
M() as defined above and a list of the difference between the graphical and
functional value of f(Z) are also given In Table A-5.

It Is noted that the function determined does not pass exactly through
aero at Z a 0, b-t has a value of 0.004858124 meter at this altitude. Ibis
value, In effect, increases the value of the entire function by loes than
five thousandths of a meter, an amount which is trivial in the determination
of leopotential to the merest hundreth of a mater. This discrepancy uin-
doubtedly results because the graphically derived values of f(S) have only
limited accuracy. In addition, only three graphical values of f(l) resulted
from the study for the region 0 to 90 km in which region the basic data comn-
sifted of only those 90 tabulated values of Z for Integral multiples of am
km . There are, hoyever, appronimstaiiy 8600 tabular entries of I and N&21ft
between 0 and 90 to , and were than three graphical values of f (Z) comfiT
possibly have been obtained for that region. A better fit at S - 0 miett
have been determined If all the available data Wad been used. no great r
Is made, h4'wvver, If toer Is assigood to the coefficient of the to~ term
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TABU A-S

WA-E3CAM IDSWTDI• OW fl(Z) C4CFARD
"WrM V0MUMT WDZBU WD VALUES 0F f(Z)

Craphical
Omphical Percentage Functional Value Minus
3.timates Degree of Value of Functional

z On) Of fi(Z),n CertaInty f(Z),U Value'm

.0 -50 .000003-50 100.000 .4858124Z-02 -. 4858L249-02

.44140M2 .420006-01 90.576 .42802043-01 -. 802047O-03

.7201402 .130005+00 96.923 .I1243193L400 .56806103-02
.1121403 .342003400 98.830 .3421639-400 -. 163980CZ-03
.1V413 .860001400 97.680 .84-71755-400 .128241JE-01
.20M3M .14-036401 98.620 .14243559401 .25644903-01
* :15I'*03 .1645 1401 98.480 .16405933W01 ,4407000O-02
. "3 .182103401 98.050 .1835597-+01 -. 14597909-01
.3451 .2255001 99.334 .22676703401 -. 12670708-01
-. 25•130 .257003401 ".222 .25798053401 -. 98051003-02
.26M41M .27750*41 99.097 .2784586340I -. 95864001-02
.27?-e03 .295505401 98.815 .29718943401 -. 168945O-01
.37M3403 .651006401 99.538 .6506622+O01 .3377400-02
.45A .110101402 99.728 .1097247W'02 .3752700-01
.48003 .129129I402 "9.652 .12933043W02 -. 8047003-02O
.4MOM3 .13340&0 99,776 .1334-955&+02 .104lO5.0-01
.3181"03 .15263142 99.771 .1525077W402 .1422500-01
.5301403 .1617534 99.725 .16182(.0'102 -. 70090002-02
.5709403 .1931=402 99.897 .19538081402 -. 28488003-01
.6123403 .23450•• 99.787 .23494331402 -. 44332001-01
.6423403 .2• 62 99.625 .26600263002 .49738001-01
.676"403 .304059402 99.852 .3041133M402 -. 63330006-02
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A-3 APPLICATION OF f(Z) TO THE DETWNMIATIO OF GEOPENTIAL FOR Z - 90 km

The function f(Z) waen used in Equation (A-2) provides the means for
computing the value of H62/8 for specified values of Z. An evaluation of
9quatfon (A-4) for Z - 90 km shove f(Z) to be 0.201 ai when the coeffl,,ftut A
is taken to be zero. The corresponding value of H trom Equation (A-2) is
found to be 88743,335 a'. This value should be a close approximation to that
value of beopotential at which the defining temperature-altitude profiles of
the U.S. Standard Atmosphere 1962 are switched from being linear in teras of
gnopotential, in the lower regime, _o being linear in term of geometric
&ltitude in the upper regime. The calculation of the pressure for this tramn-
2L.ri, altitude is considered under the discussion related to pressures at
critical altitudes at 90 and below 90 ka in the next section.

Application of f(Z) Dhta So the Determination*
of an Expression for Z versus H

The calculation of geometric altitude in terms of integral multiples of
one geopotential W/looster for the required tables for the upper regis, of
the Standard Atmosphere my not be made by means of Equation (A-2), Involving
the functional expression for f(Z), without an undesirable iteration process.
If Equation (A-2) is solved for Z without considering f(Z) explicitly in
terms of Z, one obtains

A r + f(Z) (A-)
r - (H + f(Z)]

Since f(Z) represents a set of values associated with a specific seý of
geometric altitudes, it in apparent that this saw set of values mwy become
f(s) by being associated with a corresponding specific set of geooteatials,
related tc the geometric altitude through Equation (A-2). With ti•s trasms-
forwacion of f(Z) to f(S), Equation (A-5) become

62/8 r - CH + tH)

The function f(H) is fou-d from the ame basic prap',ical data employed in
finding f(Z). TA this case the value -0.342 w', for example, previously
associated with 112,000 goetric meters in Table A-5 is now assoc 4xt!4 with
1l0,060.488 geopotentLal maters, i.e.,

L - 0.342 - 110060.83 - 0,342 - ll0,060.48 m,r+1

Similar relationships apply for each of the other data points. iTese re-
vised data points presented ia Tablc 4-6 yield a now polynomial fl t,

f(a) -MA +AM 1ACRI2 + AM 3 + APH 4 (A-7)

wae dwolopment of 5Mpations (A-5) through (A-6) and th.i Table A-6 form the basis

for the gSopotential tables imcluded in the United States Standard Atmoephere
Supplements, 1966 (Ref. A-3).
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TABLE A-6

GRAICALLY AETERNINED ESTIMATES OF f1 (H)
COMPARED WITH POLLYNOHLLY DETERMINSED VALUES OF f (H)

Graphical Percentage Functional Graphical Value

Geopotential Estimates Degree of Value of Minus Functional
km of f,.'H) ,m Crztainty f (Hl),m Value ,m

.0000000E-50 .00000E-50 100.000 .2579651E-02 -. 2579651E-02

.43697499.02 .420009-01 90.576 .4386026F-31 -. 1860263E-02

.71193499+02 .13000+O00 96.923 .1262009E+00 .3799100E-02

.1100604E+03 .342000+00 98.830 .3441i282'E400 -. 2126220E-02

.1598744W403 .862001400 97.680 . 8A82695E+40 .1373044E-01

.1967164E+03 .14500401 98.620 .1424622E4lO1 .2537790E-01

.20796443403 .16450E+01 98.480 . !640626E+01 .4373300E-02

.21730641803 .182101401 98.050 .1835452E401 -. i445220E-U1

.2359054W403 .22550101. 99.334 .2267215E-01 -. 12215309-0i

.24793441+01 .25700-401 99.222 .2579188E+01 - .9188600E-02

.2553134F+03 ,277502401 99.097 .2783888E+01 -. 8888100E-02

.2617M43403 .295503R+01 98.815 .2971135F+0i -. 1613520E-01

.35142742403 .651003-01 99.538 .6505996E+G0 .4003100E-02

.42546749403 .11010E402 99W728 .1097266E402 .3733800E-01

.4514694•-403 .12925E+02 99.652 .1293344E+02 -. 8443000E-02

.45664243403 .133603.>02 99.776 .1334997E+02 .1002700E-01
.47895449-ý(.3 .152651+02 99.771 .1525125E+02 .1374500E-01
.489195•-403 .161753+02 99.725 .1618248E+02 -. 7483000E-02
.5230754.103 .195101402 99.897 .1953878E+02 -. 2878400E-01
.5582304E403 .236503402 99,787 .2349426E+02 -. 44260001-01
.5830824E403 .26650E,402 99.625 .2659992E+02 .5007600E-01
.610914E-'03 .30405E-02 99.b--;2 .304.092E+02 -. 5925000E-C2

32

-i

_ ___ __



where i(H) is expressed as m'

A - 0.2579651 x o 2 m

AD - 0.2161710 x 10- 7 1'm'

AC - 0.1807561 x 10- 10 af/(M,)2

AD - 0.9153012 x lo- 16 m'/(=,) 3

AE - 0.2006785 x 10-22 a/(W)4

ar where H is the altitudc in reopotentlal maters. If li it to be expressed
in kilooaters, the vcluza of the various coefficients mast be oultiplied by
('-Oj)x (,'/ko')x where x is the power to which H is ral.aed in that term to

which the coefficient applies.

Equation (A-7) introduced Into Equation (A-6) now yields values of Z for
integral values of H in subst-atial agreement with the related values tabulated
in the U.S. Standard Atmosphere 1962. The application of this equation to the
expansion of the Standard Atmospheze above 90 km is coasidered in the main
body of this report.
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APPENDIX 8

C PROGRAM FOR COMPUTING 1962 STANDARD-ATMOSPHERI
C VALUES OF PRESSURE* TEMPERATUREtTEMPERATURE
C GRADIENT9 AND DENSITY AS A FUNCTION OF INTEGRAL
C MULTIPLES OF ONE THOUSAND GEOPOTENIAL METERS*
C FROM 90000 TO 120.000 GEOPOTENTIAL. KETERS9 AND
C AS A FUNCTION OF INTEGRAL MULTIPLES OF "00
C" GEOPOTENTIAL FEET. FROM 295000 TO 3I'
C GEOPOTENTIAL FEET* PRESSURE IS COPXoT
C MILLIBARS IN BOTH THE METRIC AND ENjLISH TABLESp
C" WHILE TEMPERATURE. TEMPERATURE GRAAOIEito AND
C DENISITY ARE COMPUTED IN TERMS OF DEGE.S KELVI#N
C DEGREES KELVIN PER METER. AND KILOGRAMIS PER CUbIC
C METER RESPECTIVELY IN THE METRIC TABLES* BUT IN
C TERMS OF DEGREES RANKIN* DEGREES RANKIN PER FOOT.
C AND POUNDS PER CUBIC FOOT RESPECTIVELY 14 THE
C ENGLISH TABLES* PROGRAM ORIGINALLY WRITEN BY
C MRS MELLO* REVIEWED AND COMMENTED BY **A* MINZNER
C NOVEMBER 1966.

DIAENSION G(7 )oA(7) ,TMRR4) ,FL(4) D(4).P(4)
C THE QUOTIENT OF THE SEA-LEVEL VALUE OF THE
C MOLECULAR WEIGHT DIVIDIED BY THE UNIVERSAL GAS
C CONSTANT IS DESIGNATED FMOR.

18 FMOR03*483676E-03
C THE OUANTITIES AA9AB.AC. AD AND AE ARE THE
C COEFFICIENTS OF THE POLYNOMIAL DEFINING FX. THE
C CORRECTION TERM IN THE EXPRESSION FOR CNOVERTING
C GEOPOTENTIAL TO GEOMETRIC ALTITUDE.

AA=O.
"ABu-.2161710F-07
AC.. 160756 1E-10
AD**9153012E-16
AEu.2006785E-22

C TNR(1) THROUGH TMR(4) ARE THE DEFINED V*ALUES OF THE
C MOLECULAR SCALE TEMPERATURE (DEGREES KELVIN) AT
C 90.100.110 AND 120 GEOMETRIC KILOMETERS ALTITUDE.

TMR( 1 )-180065
TMR(2)m210.65
TMR( 3)w260*65
T1MR(4).)60*65

C Dil) THROUGH D(41 ARE THE PUSLICED STAWARD-
C ATMOSPHERE VALUES OF DENSITY 1K4 POER CUIHC METERIAT
C 90. 100110 AND 120 KILOMETERS (rTElE VALUES
C APPEAR NOT TO BE USED IN THIS '*OGkAM).

D(1w"3917OE-06
D( 2) s4.974E-07
D( 3109#629E-08
O( 4) u2.436C-00

C FLIl THROUGH FL(46 ARE EM PEFIND VAMI OF TW
C ODRIVATIVZ OF TM WITH RESPECT TO Z I48E*US
C KELVIN PER METER) FOR THE FOUR LAYIERS GUSE BASES
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APPENDIX S CONTINUED

C ARE 90, 100 110 AND 120 KM.

C P(1) THROUGH P(4) ARE THE MILLIBAR PRESSURES AT
_C ALTITUDES 90, 100. 110 AND 120 KILOMETERS.

P I I lT.).OO4E-.O4

Pt41'2.SZ1?E-O5

C GIl) THROUGH G(7) ARE THE COEFFICIENTS OF THE
c LAN4ERT EQUATION FOR EXPRESSING THE VARITION OF THE
C ACCELERATION OF GRAVITY WITH GEOMETRIC HEIGHT Z
C AT ABOUT 45 DEGREES LATITUDE*goo 0 '80"s

4421 a-3 iOOS419SE-06
E SwI?.2S"39455E-13
6!4 |sle-1*16??? 1E- 19

*l5 l m2*9724620E-26
$d6I,.-9.S905954E-3S
*ll7uL0219762E-39
Ift$fSNe Swb"TCH 1119.20

C HF IS THE HEIGHT IN GEOPOTENTIAL FEET OF THE
C INITIAL ETRY IN THE ENGLISH TABLES.

0f2s990006
C HaS9916 IS THE HEIGHT IN GEOPOTENTIAL METERS
C EQUAL. TO 295,000 GEOPOTENTIAL FEET (EXACT)-

20 M09916.
GO TO 21

C Hw90.E+03 IS THE HEIGHT IN GEOPEN1IAL0 METERS OF
C THE INITIAL ENTRY IN THE METRIC TAtLESo

19 "69061+÷03
C R IS THE EFFECTIVE EARTH RArýIUS (FOR PURPOSES OF

C RELATING GEOMETRIC HEIGHT 4ND 6EOPOTENTIAL) AT 45
C DEGREES 32 MINUTES AND 33 SECONDS LATITUDE.

21 Rs4$56,TbbE÷03

"BEGIN TRACE
C FX IS THE CORRECTION TEQM IN THE H TO Z CONVERSION*

I1 iXSAA+ABRH+ACeH*2+ADmH**3+AEH*4.-
C THE NEXT EXPRESSION CONVERTS GEOPOTENTIAL H TO
C GOE0ETRIC HEIGHT to

Z.M40FX )/ 4R-(h4+FX )1
C THE NEXT 14 STATEMENTS INVOLVE THE SETTING OF
C INDICES FOR THE FOUR LAYERS AND FOUR REFERENCE
C LEVELS OF THE CALCULATICINS.IF £ Z-OO.E0O3 12,3 ,4

2 K,,i
ZR-90.E*O3
GO TO S
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APPENOIX B CONTINUED

3 Km2
ZRa100.E+03
GO TO 5

*4 IF(Z-l1O.E+0313,6,7
6 Ks3

ZRnll O.E+O3
60 GTO 5

7 IF(Z-120.E.031 6.28,26
26 K*4

ZRnl20oE+03
C THE NEXT 23 STATEMENTS DEAL WIT" THE CALCULATION OF:
C PRESS.THE PRESSURE IN MILLIBARS* IN ACCORDANCE
C WITH THE CORRECTED VERSION OF EQUATION 2? OF
C CHAMPION AND NINZNIER# REV* OF GEOPHYSICS l*PS7,1943

5 SUMAOO.o

00 8 1.1.7
A( Ils(TNRIK)/FL(KR-ZRP*O([I-)

S StJMAOUSUMAO+(-l.R**t1-I).G(IR*A(I)
00 9 Lw1.6
GL .L
DO 10 IsLob
Mw I +L
NeI-L~l

10 SUM=St*$* (- I o (M) * ( I+1I *A(N)I
SHEL *Z@*L-ZR**%
SHEL uSW.L GL* SUM
SUMA 1 SUMA 1.+ SHE L

9 SUMvOo
SHE a-SUMAO4 IFMOR /FL (K;I
SHfILwSUNA1*FMORFLEK)
PRESSwTlRIK)4FL (K)*(Z-ZR)
PRESSwPRESS/ TqR (K)
PftESS*PRESS**SHE
PRESSuPRESS*P(K)
PRESSSPRESSEfxp -SHEIt)

C THE NEXT STATEMENT EXPRESSES THE MOLECULAR SCALE
C TEMPERATURE TN AT ALTITUDE? Z WIThINt ANY LAYER K.D

TPTM.TRIKRFL(Kl@41-ZR)
C THE NEXT STATEM4ENT EXPRESSES THE DENSITY IN KG.o PER
c CUOIC METER 1IN TERMS OF TM AND PRESS USING THE
C GAS LAW* THE FACTOR 1.E*02 1S REQUIRED TO CONVERT
C MILLISAR PRESSURIS TO NEWTONS PER SQUARE METER, THE
C PROPER UNITS OF PRESSURE IN THE MKS SYSTEM OF UNITS

KftSsP*ESS/TP*F0MQ*l *1*0?
IP(SIN5E SWITCH 1 122.23

C THE NEXT STATEMENT CONVERTS TM IN DEGRIES K TO TMD
C IN DEGREES RANIKIN.

23 TMD*w1.*TI
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APPENDIX B CONCLUDED

C THE NEXT STATEMENT CONVERTS DENSITY IN KILOGRAMS
C-- PER CL.•SC METER TO POUNDS PER CUBIC FOOT.

C THE NEXT STATEMENT ROUNDS THE QUANTITY TO TWO
C DECI•AL PLACES.

C TME NEXT STATEMENT CONVERTS Z IN METERS TO ZF IN-
C FEET.ZF,.Z4*o0U99

C THE NEXT STATEMENT ROUNDS THE QUANTITY TO TWO
C DECIMAL PLACES.

C THE NEXT STATEMENT CONVERTS TM IN DEGREES KELVIN TO
c TMC IN DEGREES CELCIUS*

C THE NEXT STATEMENT ROUNDS THE QUANTITY TO TWO
C DECIMAL PLACES.

TMC-mTC. OO5
C THE NEXT STATEMENT CONVERTS FL IN DEGREES KELVIN
C PER METER TO RL IN DEGREES RANKIN PER FOOT*

[] ~RL'FLEIK)@.4S404
C THE NEXT ST.ATEMENT IS THE PUNCH STATEMENT FOR THE
C ENGLISH TABLES.

K0NO 101 9F 9ZF tRL. TNO. TMC 9PRESS. DENS

C THE NEXT TWO STATEMENTS ROUND THE RESPECTIVE
C JQUANTITIES TO TWO DECIMAL PLACES, WHERE FZ IS THE
C ROUNDED VALUE OF Z IN. METRIC UNITS.

22 TM-Tft*OS
FZZ,*.*OOS

VC THE NEXT STATEMENT IS THE PUNCH STATEMENT FOR THE
C METRIC TABLES.

PUNCH 100@H9FZ*FL(K) TKPRESS9DENS
C THE NEXT S STATEMENTS SET THE INCREMENTS OF BOTH
C THE METRIC AND ENGLISH TABLES.

24 IFISVISE SWITCH 1)12913
12 IF *-I20oE+03)14,15,1s
1-5 PAUSE

GO TO 1i
14 Ho*H+I* t03

GO TO 11
13 IF(Z-120.1*03) 16917147
16 HFs-*F+5E+03

C THE NEXT STATEMENT CONVERTS HF GEOPOTENTIAL HLIW|T
C IN FEET TO GUOPOTEN4TIAL HEIGHT IN METERS PRIOR TO
C CALCULATING THE THERMODYNAMIC PROPERTIES FOR Hf.

144 9304~4H
GO TO 11

100 FOW*AT(2F 1.2,F603 ,FSZEl2.5.E11.4I
101 FOAMATIZF 1 2oFIO.102F.?2EJ2.SE 11.4)

END TRACE
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